The growth of Torulopsis glabrata was inhibited in glucose-peptone broth containing 10 to 20% normal human serum. Addition of iron to the medium diminished the fungistatic effect. The intracellular growth of T. glabrata was remarkably restricted within mouse macrophages maintained in vitro, but this growth restriction was not caused by the limitation of iron imposed by the serum in the medium. The intracellular growth of T. glabrata within a very small percentage of the macrophages was not obviously related to the failure of lysosomal fusion to the phagosomes in those cells. The studies did not permit definite conclusions regarding the viability of the inhibited yeasts, but results suggested that a large portion of them survived. Potentially misleading artifacts of the technique for assessment of the intracellular behavior of the fungus were detected and are discussed.
The growth of Torulopsis glabrata was inhibited in glucose-peptone broth containing 10 to 20% normal human serum. Addition of iron to the medium diminished the fungistatic effect. The intracellular growth of T. glabrata was remarkably restricted within mouse macrophages maintained in vitro, but this growth restriction was not caused by the limitation of iron imposed by the serum in the medium. The intracellular growth of T. glabrata within a very small percentage of the macrophages was not obviously related to the failure of lysosomal fusion to the phagosomes in those cells. The studies did not permit definite conclusions regarding the viability of the inhibited yeasts, but results suggested that a large portion of them survived. Potentially misleading artifacts of the technique for assessment of the intracellular behavior of the fungus were detected and are discussed.
Animal serum incorporated into culture media inhibits the growth of many species of fungi (1, 7, 10, 13, 19, 21, 24, 27, 29, 30, 31, 32 ; W. P. Allen, Ph.D. thesis, Univ. of Michigan, Ann Arbor, 1955; W. P. Allen and E. E. Evans, Fed. Proc., p. [92] [93] 1955) . Such growth suppression is most often caused by serum transferrin which binds iron and makes it unavailable for the nutrition of the microorganism (2, 7, 8, 9, 11, 21, 22, 31) . Although factors other than transferrin may account for certain aspects of serum-induced fungistasis in some organisms (9, 28) , it is clear that the addition of iron to media containing serum commonly reverses the fungistatic activity of those media (2, 7, 8, 21, 31) .
We have previously reported (19) that Torulopsis glabrata was inhibited by normal human serum and did not grow to any significant extent within mouse macrophages maintained in tissue culture. In the present report we will show that iron reverses serum-induced growth suppression of T. glabrata in culture media but that intracellular growth in macrophages is not improved by excess iron in the tissue culture medium. Studies on other aspects of the intracellular behavior of T. glabrata will also be reported. Tables 2 and 3 . The added iron had no obvious effect on the uptake of T. glabrata. There was only a slight increase in the mean number of intracellular yeast cells over the 5-h period of observation. The presence of iron did not affect this result. Therefore, as in previous experiments (19) , there was only a limited amount of intracellular growth. The data in Table 2 were obtained from cell cultures infected within a few hours of harvest from the mice. Macrophages sometimes lose the capacity to inhibit intracellular parasites when they are maintained in cell culture for extended periods of time (17) . Therefore, macrophages were kept in culture for 24 h before infection with T. glabrata to see if this would improve the intracellular growth of the fungus. However, identical results were obtained in such experiments (Table 3) .
MATERIALS AND METHODS

Fungus
In a few macrophages (1 to 4% of those assessed), a large number of intracellular yeasts was observed. This was interpreted as representing proliferation within these few macrophages (16, 19) .
Acid phosphatase distribution in macrophages parasitized with T. glabrata. The proliferation of T. glabrata within a few macrophages (<5%) might be related to a failure of the secondary lysosomes in these macrophages to fuse with the phagosomes containing the yeast cells. Such a phenomenon has been proposed as an explanation for the survival and
on November 2, 2017 by guest http://iai.asm.org/ Downloaded from replication ofToxoplasma gondii within certain macrophages (20) . One measure of the fusion of lysosomes with the phagocytic vacuoles is the appearance of acid phosphatase in such vacuoles (4) (5) (6) 20 (23) and Histoplasma capsulatum (14, 16) . It was proven that heat-killed yeast cells of T. glabrata were tinctorially altered when observed in Giemsa-stained macrophage cultures. Similar changes were not seen in the preparations used for collection of the data in Tables 2 and 3. Of course, yeasts altered tinctorially by their encounter with macrophages need not resemble heat-killed yeasts.
A somewhat larger number of fields had to be examined after the 5-h incubation time to find the same number of infected macrophages. Since the culture studies showed that no significant number of infected cells was leaving the glass surface (Table 4) , one might speculate that tinctorial changes were making the yeast harder to see. There were yeast cells with altered staining characteristics in the macrophages, and such forms did increase over the 5-h incubation period. But such changes were not quantitatively consistent. Furthermore, the culture studies showed no large amount of death of yeasts. Thus changes in staining characteristics could not be used to assess viability.
Inoculum size and assessment of intracellular growth of T. glabrata. The results recorded in Tables 2 and 3 and those previously reported (19) were obtained from experiments in which the inoculum size was 2 x 104 yeasts/ml. When the inoculum size was increased to 2 x 105 yeasts/ml, extracellular forms were still present in the 0-time preparation. The washing procedure intended to remove extracellular forms (see Materials and Methods) was clearly not efficient in removing T. glabrata yeast cells. The number of extracellular forms increased in the 3-and 5-h preparations. Thus, conclusions about intracellular growth would be unreliable unless inoculum size was controlled so that the washing procedure reduced the residual extracellular population below a level detectable by direct observation. When the inoculum was 2 x 104/ml, only about one infected macrophage was observed per oil immersion field. Under these circumstances extracellular forms were only rarely observed in the 0-time preparations or subsequently. DISCUSSION Chang (3) has shown that 10-12 ml of medium is swept into the phagocytic vacuole when a particle is ingested. Since human serum does inhibit the growth of T. glabrata in ordinary media (19, 31) , it is conceivable that serum from the culture medium could inhibit the intracellular growth of T. glabrata. Yet the intracellular growth of T. glabrata is restricted within macrophages maintained in media containing serum saturated with iron. Therefore, the potential suppression of intracellular growth of T. glabrata by the iron-binding capacity of the human serum contained in the medium does not explain the inability of the fungus to grow in cultured mouse monocytes. Of course, the use of 500 ,M iron in the medium need not rule out the effect of other iron-binding proteins such as lactoferrin (32) which might be present in the phagosomes (18) . However, it is unlikely that cultured mouse macrophages possess lactoferrin, since C. albicans, which is sensitive to it, grows well in such cells (18) . Another potential inhibitor, myeloperoxidase, was not detected histochemically in cultured mouse macrophages.
H. capsulatum, a facultative intracellular parasite, has a generation time of approximately 10 h within cultured mouse macrophages. The rate of growth is similar to that which it displays on ordinary culture media in vitro at 37°C. T. glabrata has a generation time of approximately 50 min in a nutritionally suitable medium in vitro (19) . It enters a logarithmic phase of growth after a 2-to 3-h lag (Fig. 1  of reference 19 ). Accordingly, if T. glabrata were as successful an intracellular parasite as H. capsulatum, one might expect phagocytized blastopores to enter the logarithmic phase of Macrophages from normal or from immunized animals have been observed to lose their antifungal capacities for certain organisms when they are maintained in cell culture for longer than 24 h (see reference 17 for a review of the literature). The data from the present work show that the fungus was unable to grow in macrophages infected immediately after harvest from mice or in those maintained for 24 h in cell culture. Moreover, these facts were not altered by adding iron to the medium over the cells.
Recently Jones and Hirsch (20) were able to correlate the intracellular survival of T. gondii with the failure of lysosomal fusion with the phagosome. The apparent replication of T. glabrata within a few (<5%) macrophages (Tables  2 and 3) suggested that a similar failure might have occurred. Acid phosphatase is one of the particulate hydrolases released by lysosomes. The content of this enzyme in monocytes varies from cell to cell (5) but does not increase in an individual cell in response to particle ingestion (6, 20) . Therefore, different levels of enzyme within macrophages (5) or the failure of lysosomal fusion in some cells (20) might explain the ability of T. glabrata to multiply in a few macrophage4. The distribution of acid phosphatase in macrophages does correlate with particle ingestion (4, 6) , and the appearance of the enzyme, determined histochemically, in the phagosomes can be taken as one measure of lysosome fusion. However, preparations stained for acid phosphatase did not provide any evidence for failure of lysosomal fusion in those macrophages containing large numbers of T. glabrata. Thus the growth within these macrophages could not be related to the fact that fungicidal substances were not delivered to the phagosomes.
In (Table 3) than that of immune macrophages against H. capsulatum. The latter lose their fungistatic ability by 24 h in culture (16) .
A somewhat larger number of fields had to be examined after 5 h than at 0 time in order to assess the number of intracellular yeasts per infected macrophage. This result suggests that some alterations were taking place which made the yeasts less readily recognizable. But the culture results do not show any substantial killing of the intracellular population. Therefore, if a number of intracellular forms die and become morphologically unrecognizable, one would have to assume that the slight amount of intracellular growth recorded by direct observation was just keeping pace with the intracellular death of those yeasts. Thus, although the inhibited yeasts appear to survive, a certain amount of undetected intracellular deaths could have occurred.
The importance of using a small inoculum in studies of this sort cannot be overemphasized. The fact that extracellular forms were observed on the cover slip in the 0-time preparation from heavily inoculated cultures (2 x 105 cells/ml) clearly indicated that the washing procedure intended to remove such forms was inadequate. Extracellular yeasts were only rarely observed in cultures inoculated with smaller numbers of 2 x 104 to 5 x 104 cells/ml, probably because their number was too small to be detected in the usual assay. The inoculum size would seem to be especially important in organisms with a very short generation time such as T. glabrata (50 min). Extracellular proliferation, which can take place even in the restrictive tissue culture --medium ( 
